Essential role of the NO signaling pathway in the hippocampal CA1 in morphine-associated memory depends on glutaminergic receptors.
The nitric oxide (NO)/soluble guanylyl cyclase (sGC)/cGMP-dependent protein kinase (PKG) signaling pathway has been reported to play a key role in memory processing. However, little is known about its role in drug-associated reward memory. Here, we report the following. 1) The NO pathway in the CA1 is critical for the retrieval of morphine-associated reward memory. Specifically, the nNOS, sGC and PKG protein levels in the CA1 were increased after the expression of morphine conditioned place preference (CPP). Intra-CA1 injection of an NOS, sGC or PKG inhibitor prevented morphine CPP expression. 2) The involvement of the NO pathway in morphine CPP requires NR2B-containing NMDA receptors (NR2B-NMDARs). NR2B-NMDAR expression was elevated in the CA1 following morphine CPP expression, and intra-CA1 injection of the NR2B-NMDAR antagonist Ro25-6981 not only blocked morphine CPP expression but also inhibited the up-regulation of nNOS, sGC and PKG. Moreover, the Ro25-6981-induced blockade of morphine CPP was abolished by intra-CA1 injection of a NOS substrate or an sGC activator. 3) The NR2B-NMDAR stimulated the NO pathway by up-regulating the phosphorylation of Akt(Ser473). Morphine CPP expression enhanced the pAkt(Ser473) level, which has been corroborated to regulate nNOS activity, and this effect was reversed by intra-CA1 injection of Ro25-6981. 4) GluR1 acted downstream of the NO pathway. The membrane level of GluR1 in the CA1 was increased after morphine CPP expression, and this effect was prevented by pre-injection of a PKG inhibitor into the CA1. Additionally, co-immunoprecipitation revealed an interaction between PKG and GluR1; this result further indicated a role of PKG in regulating GluR1 trafficking. Collectively, the results of our study demonstrated that the activation of the NR2B-NMDAR/NO/sGC/PKG signaling pathway is necessary for the retrieval of morphine-associated reward memory.